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CLAIMS: 



1. A method of forming an opening in an inSuiative layer formed over 
a substrate in a semiconductor device, comprising/etching said insulative layer 
with ammonia and at least one fluorocarbon so a/to form said opening. 



2. The method of claim wherein said method is performed to 
produce a self-aligned contact openuig. 



3. The mpfho^of claim 1, wherein said etching^includes plasma 



etching. 




4. Jhe/met^od of claim 3, wher^ said etching is performed within a 
temp«rrature/ran§e of 4bout -50 to zhoy/' 80 degrees Celsius. 



'S. The method of claim 4, wherein said etching is performed within a 
fcen/perafure range of about 0 to about 50 degrees Celsius. 
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6. The method of claim 4, wherein said contacting i/performed at an 
operating pressure of about 25 to about 60 miiliTorrs. 



7. The method of claim 4, wherein said cttatacting is performed at 
operating pressure of about 40 to about 50 milliToAs. 



an 



8. The method of claim 1, wjAerein said contacting is performed 
through a patterned photoresist mask. 



9. The method o^ldiWY^herem said £Iu<Mdcarbon is at least one 
member selected fron/ th/ Moup consisting/of fluorinated carbons, 
fluorohydrocarbons, dUoro^OE^fcarbons and chl^ofluorohydrocarbons. 



107 The method bf claim/9, wherein said fluorocarbon is at least one 
member selected ^om tl^ grbu^onsisting of QFg, QF„ CsFg, CF^, C^F^, CjFg, 
CHF,, and CH 



^1. Thymethod of claim 10, wherein said fluorocarbon is at least one 
member selected ^om the group consisting of CF4, CHF3, and CHjFj. 
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12. The method of claim 1, wherein said ^ethod is performed 
without forming an etch stop. 



13. The mediod of claim 12, wKerein said method does not remove 
side waU spacers which are formed aion^c sides of a gate stack and which ahgn 
said contact opening to said substrate 



14. The jiietho^ of claim 1, wherein said method does not remove 
side wall spacers Which Ve formed along the sides of a gate stack and which align 
said contact o/ening tb said substrate. 



ISy/The method of claim 9, wherein said fluorcarbon(s) and said 
amirfonia d/k flowed into a reactioilychamber containing saiid semiconductor 
deyice s#h diat the flow rate ratio of said- aL lensL one fluorocarbdnTD-sai^ 
lonia is not less than about 3:1. 
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16. The method of claim 15, wherein the flow rate Atio of said at 
least one fluorocarbon to said ammonia is widiin the range of aliout 3:1 to about 
20:1. 



17. The method of claim 16, wherein flow rate ratio is within the 
range of abdut 4:1 to about 10:1. 



18. The mediod of claim 11< wherein said fluorocarbon is at least two 
members selected from die group ofyCF4, CHF3, and CHjFj. 



19. The i^thod 6f claim 18, wherein said fluorocarbons comprise 
CF4, CHF3, and g^jF^. 



The^ediod of daini 11, wherein said ^f»(o^hon is CF4 which 
is flowed^to a rfzfnon chamber at a^ow ratg^efabout 15 to about 20 seem. 



T/ The method of claim 18, wherein said fluorocarbon is flowed 
a reac^ c/(amber at a flow rate of about 18 seem. 



mto 
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22. The method of claim 11, wherein sA fluorocarbon is CHF, 
which is flowed into a reaction chamber at a flow ra/of about 35 to about 45 



seem. 



23. The method of elaim 2) 
reaetion ehamber at a flow rate^^abc^/o 



Srein said fluoroearbon is flowed into 



seem. 



2^2 



24. The^etho^f 11, whdr^said fluorocarbon is CH,F 

which is flowed uno a re^,jfon chamber at^flow rate of about 10 to about 15 
seem 



25. The mej^d of claim 24, wherein said fluorocarbon is introduced 
at a flow rate of aboiit 13 seem. 




V ^2^ A composition suitable for use in etching an insulative layer 
formed over aWbstrate in a semiconductor device, said composition comprising 
a gaseous mixtu\e of at least one fluorocarbon and ammonia. 
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27. The compos^Aon of claim 26, wherein said fluorocarbon is at least 
one member selected from\ the group consisting of carbon tetrafluoride, 
fluorohydrocarbons, chloroflud^rocarbons and chlorofluorohydrocarbons. 

28. The composition of claim 27, wherein said fluorocarbon is at least 
one member selected from the group consisting of C4F8, QF^, CgFa, CF4, CjF^, 
CjFg, CHF3, and CH2F2. 



29. The composition of claim 26, wherein said fluorocarbon is at least 
one member selected from the group consisting of CF4, CHF3, and CHjFj. 



30. The composition of claim 29, wherein said fluorocarbon is at least 
two members selected from the group consisting of CF4, CHF3, and CHjFj. 



31. The composition of claim 30, wherein said fluorocarbon is a 
combination of CF4, CHFj, and CHjFj. 



^t?^^32. Tht composition of claim 24, wherein said composition does not 

r^rTiove side wall spaicers of a gate stack which is also formed over said substrate. 
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33. The composMon of claim 26, wherein said composition is flowed 
into a reaction chamber contVining said semiconductor device such that die flow 
rate ratio of said fluorocarbon to said ammonia is not less than about 3:1. 



34. The composition of claim 33, wherein said flow rate ratio is within 
the range of about 3:1 to about 20:1. 



X The cbmposition of claim 36, wherein said flow rate ratio is within 



36. A process for forming aij^ening iij/^ insulative layer formed 
over a substrate in a semiconductor^devicg', conmnsmg: 



forming a pajfemed/Mtoresist m»siclayer over said insulative 



layer; 



etching^ an o|^enilig.-ifi said insulative layer through an aperture in 
said patterned rej/st j^er, wherein said opening is etched tiirough to said 
substrate using a confibination of ammonia and at least one fluorocarbon. 
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37. The method of claim 36, wherein said etchiij^ is perforaied to 
produce a self-aligned contact opening in said insulative layer 



38. The process of claim 36, wherein s^d etching is performed i 
reaction chamber. 



m a 



39. The process of claun 38,yWherein said at least one fluorocarbon 
and said ammonia are flowed into^d Reaction chamber such the flow rate ratio 
of said fluorocarbon to said aj/monia/ls not less than about 2:1. 



40. The process ofyfclaitrf 39, w 
range of about 2:]/to about 



lerein said flow rate rjmo is within the 



41/ The pifafcess of claim 40, wherein said flow rate ratio is within the 
range of abcAzt 3:1 ifar about 10:1. 



42i 



The process of claim 36, wherein said etching is performed 
without forlhing an etch stop. 
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43. The process of claim 42, wherein said conjact opening is formed 
between side wall spacers on a pair of adjacent gat/ stacks formed over said 
substrate. 



44. The process of claim 43,y4herein said etching is performed at 
temperature within the range of aboutysO to about 80 degrees Celsius. 



45. The process of claim 44, wherein said etching is performed at a 
temperature within/^e ran^ of about 0 to about 80 degrees Celsius./^ 



removing/said yphotoresij t 



process of claim 45, wherein s^d method further comprises 
mask layer after said/Ctching. 



1:7. A method of preventing etch stop during a self-aligned contact 
(SAd)Mhing of a semiconductor device which comprises adding ammonia to at 
least oflle fluorocarbon used for said etching. 
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48. The method of claim 47, wherein said 
reaction chamber containing said device at a flow rate 
seem to about 6 seem. 



49. The method of claim 48, whefrein said ammonia is flowed to said 
reaction chamber at a flow rate within ^tj^ange of about 2 seem to about 5 
seem. 
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monia is flowed to a 
the range of about 2 



50. Theme 
reaction chamber at 



49, wherein said ammonia i^/flowed to said 
/hot exceeding about 4 seem. 



of claim 50, whei;€fm said at least one fluorocarbon is 
5n chaknber with said ammonia. 



le method of claim 51, wherein said fluorocarbon is flowed into 
said reaction ^amber so as to have a flow rate which is not less than about 15 
times the flow rate of said ammonia. 
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53. The method of claim 52, wherein the flow rate ratio of said 
fluorocarbon to said ammonia is within the range of ab^t 3:1 to about 40:1. 



54. The method of claim 53, wh/ein said flow rate ratio is within the 
range of about 4:1 to about 20:1. 



55. The medio^f -dlaim 52, wherein the flow rate ratio of said 
fluorocarbon to said amnfoni^not greater than about 20:1. 




56. /Ty mMtd of claim 47, wherein sa}d ammonia is added 
substantially /imultaneohsll widi said fluorocarbon. 



57/. Tjrfe mcdiodsQf £]ainr47, wherein said ammonia is added to a 
mixtmfe coriipri&Cng at least two fluorocarbons. 



5E. The method of claim 50, wherein said ammonia is added to a 
mbcture cohiprising at least diree fluorocarbons. 
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59. A method of preserving a side waU spacer surXnding a gate stack 
during a self-aligned contact etch, wherein said gate Ick is formed over a 
substrate in a semiconductor device, which comprises c4tacting said spacer with 
a combination of at least one fluorocarbon and/mmonia so as to form a 
protective layer over said spacer. 



{.' — 

Q 
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m 

.tat. 
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60. The method of claim 59, Wherein said protective layer is formed 
to a thickness which is about 5 to 200 Arfestroms in diickness. 



61. The medio^fA^ 60, wherein said at least one^orocarbon 
and said ammonia are ^w^^ Aether over said side wa^I^^er such daat the 
flow rate ratio of sai^uoro^on to said ammonia ij;^t less than about 3:1. 



15 



621 The n(e^od ibf claim 6l/vherein said flow rate ratio is within die 
range of aby6ut 3:l/to4bout|20:l. 




The method of claim 62, wherein said self-aligned contact etch 
provideian^^ening to said substrate dirough an msulative layer formed over said 
substrate. , 
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64. A method of forming a conductive plug in/ide a contact opening 
in an insulative layer between adjacent gate stacks fon^d over a substrate in a 
semiconductor device, comprising: 



no 
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contacting said insulative layer Jith a plasma etchant mixture 
containing ammonia and at least one fluoroc^bon at a temperature widiin die 
range of about -50 to about 80 degrees l6elsius so as to form a self-aUgned 
contact opening in said insulative layer beCeen said gate stacks witiiout an etch 
stop, wherein said contacting fortiier dms a protective layer over opposed side 
wall spacers which have been formed /ver said gate stacks; 

depositing a coiidu/tive plug inside said opening such diat said 
conductive plug is separate/froi said side wall spacers by said protective layer. 



65. Thc/n)feth<^ 
flowing said amnpijia o^^er 
the range of ab^^ut/l s/cm to 



of claim 64, wherein said contacting isperformed by 
device in a reaction charnbcfat a flow rate within 



bout 6 seem. 



66.1/nie mediod of claim 64, wherein said fluorocarbon is at least 



one 



member selecte^^ from the group consisting of QF«, C,F„ QF„ CF„ CHF^, and 
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CH2F2 and is flowed over said device at a flow rate wit 
seem to about 45 seem. 
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e range of about 10 



67. The method of claim 66, when6in said mixture comprises at least 
two fluorocarbons and said flow rate rati/ of each said fluorocarbon to said 
ammonia is within the range of about 3:l/t:o about 20:1. 



i. »l 



;:iio 



68. The metho^f obim 67, wherein said mixture comprises three 
fluorocarbons and said^w i^e ratio is widiin the range of about 4:1 to about 
10:1. 



. he/ method 



of claim 64, wherein said protective layer is a 



nitrogen yconmning layer. 
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70( The method of claim 64, wherein said temperature is a pedestal 
temperature! and said range is from about 0 to about 50 degrees Celsius. 
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